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ABSTRACT: The purpose of this study was to investigate the dietary effects of persimmon peel (PP) and PP ethanol extract (PPE) on 
egg production, egg quality, and liver lipids in the late stage of egg production in laying hens. One hundred and twenty 50-wk-old Hy- 
Line Brown layers (n = 120) were fed different diets. Four replicate groups of 6 hens each were randomly assigned to 5 dietary 
treatments. The 5 dietary treatments were as follows: i) CON, basal diet; ii) PP 0.15, CON+0.15% PP (0.035% tannin); iii) PP 0.5, CON 
+0.5% PP (0.117% tannin); iv) PPE 0.075, CON+0.075% PPE (0.03% tannin); and v) PPE 0.25, CON+0.25% PPE (0.11% tannin). The 
total tannin concentration of PPE was higher (p<0.05) than that of PP. Egg production in the PP 0.5 group was higher than in the other 
groups. Egg production and mass of hens in the PPE 0.25 group showed a greater decrease than that in the other groups (p<0.05). 
Eggshell color in the PP 0.15, PP 0.5, and PPE 0.075 groups was lighter than that of the control group (p<0.05). The Haugh unit for the 
groups that were fed PP and PPE were significantly higher than that in the other groups after 7 d of storage (p<0.05). Therefore, PP 
seems an effective feed additive for improving the production performance and egg quaUty in late stage laying hens. (Key Words: 
Persimmon Peel, Persinmion Peel Ethanol Extract, Laying Hen, Liver Lipid, Egg Quality) 



INTRODUCTION 

Persimmon (Diospyros kaki L.) is widely cultivated in 
Korea, Japan, and China. It contains many bioactive 
compounds, such as sugars, vitamins, flavonoids, tannins, 
terpenoids, steroids, naphthoquinones, dietary fiber, 
carotenoids, minerals, amino acids, and lipids (Gross, 1987; 
Mallavadhani et al., 1998). Generally, persimmon is divided 
into 2 types: sweet and astringent. The astringent 
persirmnon is strongly astringent when small and immature. 
It is rich in water-soluble tannin that generates the 
astringent taste and, therefore, inedible even when fully 
colored (Taira, 1996; Parajuli et al., 2007). To remove the 
astringent taste, the persimmon is dried in open air after 
peeUng. During the drying process, the water-soluble 
persimmon tannin forms a cross-link by condensation 
reaction between its hydroxyl groups, thereby, making it 
water insoluble and diminishing the astringent taste 
(Parajuli et al., 2007). Thus, a good amount of persinmion 
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peel (PP) is wasted in countries where production is high. 

Tannins in plants and fruits generally serve as 
antioxidant and anti-pathogenic agents (Amarowicz et al., 
2000; Gorinstein et al, 2000; Gedir et al, 2005). However, 
high concentrations of tannin in animal feed may decrease 
its nutrient values (Armanious et al., 1973; Ortiz et al., 
1994). It has been shown that a high level of tannin (up to 
2%) decreases egg production and quality when 
supplemented in diet (Potter et al., 1967; Fry et al., 1972) 

Sweet-type persimmon, in particular, contains a tannin 
level ranging from 3% when immature to 0% at harvest 
time (Taira, 1996). The PP has higher concentration of 
polyphenols, fiber, and minerals than in the whole fruit and 
pulp (Gorinstein et al., 2001). Several studies on PP have 
been conducted to investigate its bioactive value 
(Gorinstein et al., 1998; Gorinstein et al., 2001). The PP 
ethanol extract (PPE) plays a role in multidrug resistance 
reversal activity because of the presence of carotenoids, 
flavonoids, and other functional components (Kawase et al., 
2003). Furthermore, PP polyphenol exhibits inhibitory 
activities on high glucose-induced oxidative stress 
(Yokozawa et al., 2002). 
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To our knowledge, there are no other studies describing 
the dietary effects of PP and its tannin extract in laying hens. 
In the present study, we investigated the dietary effects of 
PP and PPE on the production performance, egg quahty, 
and liver lipids in laying hens. 

MATERIALS AND METHODS 

Animals and diets 

One hundred and twenty 50-wk-old Hy-Line Brown 
hens were used in this study. Four replicate groups of 6 hens 
each were randomly assigned to 5 dietary treatments (3 
adjacent cages with 2 hens; cage dimensions: 36x40x42 
cm). The birds were allowed a 1-wk adaptation period 
before initiating the experiment. A corn-soybean meal- 
based diet (Table 1) was formulated to meet or exceed the 
nutrient recommendations of the NRC (1994). 

The PP was collected from factories processing cured 
persimmon. The collected samples were dried for 1 wk at 
room temperature and were further dried for another 1 wk 
in airflow (below 40°C). The dried PP was ground and 
stored until further use. The PPE was prepared according to 



the method by Ahn et al. (2002) with a slight modification. 
We extracted 100 g ground PP samples using 300 ml of 
70% ethanol. The mixture was filtered and the filtrate was 
centrifuged for 20 min at 3,000 rpm. The supernatant was 
concentrated by evaporation at 40°C and then freeze-dried. 
Total tannin concentrations of PP and PPE were determined 
according to the method by AO AC (1995), and the contents 
were 0.235±0.02% and 0.457+0.21%, respectively (n = 4). 
The dietary treatments were as follows: i) CON, basal diet; 
ii) PP 0.15, CON+0.15% PP (0.035% tannin); iii) PP 0.5, 
CON+0.5% PP (0.117% tannin); iv) PPE 0.075, CON+ 
0.075% PPE (0.034% tannin); and v) PPE 0.25, CON+ 
0.25% PPE (0.114% tannin). The hens were provided with 
feed and water ad libitum. A room temperature of 21+3°C 
and a photoperiod of 16-h light and 8-h dark were 
maintained throughout the experimental period. 

The feeding period lasted for 6 wks. All experimental 
procedures were approved by the Institutional Animal Care 
and Use Committee of Konkuk University. 

Sampling and measurements 

Feed intake (g/hen/d) was recorded weekly for each 



Table 1. Formula and chemical composition of the experimental diet 








Treatment' 






Ingredients (%) 


CON 


PP0.15 


PP0.5 


PPE 0.075 


PPE 0.25 


Com 


62.58 


62.43 


62.08 


61.83 


62.33 


Wheat 


3.00 


3.00 


3.00 


3.00 


3.00 


Lupine seed 


4.00 


4.00 


4.00 


4.00 


4.00 


Soybean meal 


13.96 


13.96 


13.96 


13.96 


13.96 


Rapeseed meal 


2.00 


2.00 


2.00 


2.00 


2.00 


Meat meal 


3.00 


3.00 


3.00 


3.00 


3.00 


Limestone 


9.51 


9.51 


9.51 


9.51 


9.51 


Dicalcium phosphate 


0.55 


0.55 


0.55 


0.55 


0.55 


Salt 


0.25 


0.25 


0.25 


0.25 


0.25 


Tallow 


0.80 


0.80 


0.80 


0.80 


0.80 


Choline-chloride (50%) 


0.08 


0.08 


0.08 


0.08 


0.08 


DL-methionine 


0.07 


0.07 


0.07 


0.07 


0.07 


Mineral mix^ 


0.10 


0.10 


0.10 


0.10 


0.10 


Vitamin mix' 


0.10 


0.10 


0.10 


0.10 


0.10 


Persimmon peel powder 




0.15 


0.50 






Soluble tannin extract 








0.075 


0.25 


Calculated analysis of basal diet 












TMEn (kcal/kg) 






2,800 






Crude protein (%) 






16.10 






Ether extract (%) 






2.95 






Crude fiber (%) 






3.40 






Ca (%) 






3.86 






Available P (%) 






0.50 






Met+cys (%) 






0.65 







' PP = Persimmon peel; PPE = Persimmon peel extract. 

^ Mineral mixture provided following nutrients per kg of diet: Fe, 70 mg; Zn, 60 mg; Mn, 8 mg; Cu, 7.5 mg; I, 1 mg; Se, 0.2 mg; Co, 0.13 mg. 

^ Vitamin mixture provided following nutrients per kg of diet: vitamin A, 10,000 lU; vitamin Di, 2,300 lU; vitamin E, 20 lU: vitamin Ki, 2 mg; vitamin 
Bi, 2 mg; vitamin B2, 5 mg; vitamin B^, 3.5 mg; vitamin B12, 0.02 mg; biotin, 0.12 mg; niacin, 30 mg; pantothenic acid, 10 mg; folic acid, 0.7 mg. 
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replicate. Egg production rate and egg mass were recorded 
on a daily basis and determined on a replicate basis 
throughout the experiment. The mean egg weight was 
measured weekly, excluding cracked and soft-shell eggs. 
The eggs laid for the last three days of the experiment were 
used for analysis of egg qualities. Three eggs from each 
replicate were collected randomly. Eggshell thickness, 
strength, and color, albumen height, and yolk color were 
measured according to the method by Zheng et al. (2012); 
the Haugh unit was determined (Haugh, 1937). The 
collected eggs were maintained at room temperature (22+ 
3°C) for 7 or 14 d to observe the change in the Haugh unit. 

After 6 wks of experimental feeding, 8 birds per 
treatment were sacrificed. The blood serum was centrifuged 
at 1,500 rpm for 10 min. During necropsy, the liver was 
immediately removed and weighed. The relative liver 
weight per 100 g body weight (BW) was calculated for each 
hen. Data were expressed as grams of organ per 100 g of 
BW. The serum and liver were preserved at -20°C until 
further analysis. The activity of glutamic-oxaloacetic 
transaminase (GOT) and glutamic -pyruvic transaminase 
(GPT), as well as the total cholesterol concentration (total- 
C) and high-density lipoprotein-cholesterol (HDL-C) in the 
serum were measured according to the colorimetric method 
by using GOT-GPT assay kit (GOT-GPT assay kit, Asan 
Pharmaceutical, Hwaseong-si, Korea) and cholesterol 
diagnostic kit (Cholesterol E kit, HDL-cholesterol kit, 
Youngdong Medical Corporation). The superoxide 
dismutase activity (SOD) was determined by colorimetry 
according to the method by Stefan and Gudrun (1974). 

The contents of each lipid fraction in the liver were 
determined using latroscan (MK-6 TLC/FID analyzer, 
latron Laboratories, Inc., Japan), which is a combination of 
silica-coated thin layer chromatography and flame 
ionization detector. The lipids were dissolved and were 
extracted using the method by Folch et al. (1957), and the 
liver lipid contents were detected using the method by An et 
al. (1997). 

Statistical analysis 

The main effects between the treated groups were 
subjected to ANOVA by using the general linear model of 



SAS (SAS Institute, 2002). Significant differences at p< 
0.05 were determined using Duncan's multiple range test 
(Duncan, 1955). Percentage data were transformed to arc 
sine percentages before square root percentages ANOVA 
was performed. 

RESULTS AND DISCUSSION 

The total tannin concentration of tannins in PPE and PP 

were 0.457±0.21% and 0.235±0.02%, respectively The 
effects of dietary PP and PPE on feed intake and egg 
production are shown in Table 2. The results indicated that 
egg production in the PP 0.5 group was higher than in the 
other groups (p<0.05). Conversely, egg production and 
mass of hens in the PPE 0.25 group were lower than that in 
the other groups (p<0.05). Feed intake and egg weight were 
not affected by the dietary treatments. The addition of 0.5% 
PP in the diet significantly increased egg production, 
whereas addition of 0.25% PPE resulted in a significant 
decrease in egg production and mass. It has been shown that 
fruits Uke persimmon have high tannin content, and it 
affects the acceleration of secretion of intestinal juice and 
intestinal contraction (Yu, 1976; Kitagawa and Glucina, 
1984). Previous studies have shown that up to 2% tannin 
level reduces feed consumption and egg production 
(Armanious et al., 1973; Blakeslee and Wilson, 1979). In 
the present study, the tannin content in 0.25% PPE feed was 
similar to that in 0.5% PP feed (0.11%). Thus, the decrease 
in egg production in the PPE 0.25 group may not have been 
affected by the tannin content. The improvement of egg 
production in the PP 0. 1 5 group may mainly have been due 
to other nutrient compounds present in PP. 

The effects of PP and PPE on egg quality are presented 
in Table 3. Eggshell color values of the PP and PPE 
treatment group hens were significantly higher than that of 
the control group hens (p<0.05). Eggshell strength and 
thickness, yolk color, and Haugh unit of eggs laid were not 
affected by the dietary level of PP or PPE. 

The changes in Haugh units during storage are shown in 
Table 4. After 7 d of storage, the Haugh units in the groups 
fed diets containing PP and PPE were significantly higher 
than that of the control group (p<0.05). However, after 14 d 



Table 2. Effects of persimmon peel (PP) and persimmon peel ethanol extract (PPE) on feed intake and production performance in laying 
hens' 



Items 






Treatment 






CON 


PP 0.15 


PP 0.5 


PPE 0.075 


PPli 0.25 


Feed intake (g/d/bird) 


109.18±8.51 


109.43±12.09 


116.00±7.88 


105.1214.00 


100.9512.11 


Egg production (%) 


63.82±0.99'' 


63.99±0.96'' 


66.8210.84" 


63.9310.84" 


57.36+0.72'= 


Egg weight (g/egg) 


67.62±0.82 


67.24+0.29 


66.6210.29 


67.0210.32 


66.7110.41 


Egg mass (g/d/bird) 


43.09+0.77" 


43.0610.72" 


44.5310.58-' 


42.85+0.58' 


38.26+0.49'^ 



' Values are presented mcan+SE (mcaniSE of 4 groups, each group was composed of 3 cages, 2 hens per cage). 
"'"^ Values with different superscript were significantly differ (p<0.05). 
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Table 3. Effects of persimmon peel (PP) and persimmon peel ethanol extract (PPE) on egg quality 


in laying hens 




Items 






Treatment 






CON 


PP0.15 


PP0.5 


PPE 0.075 


PPE 0.25 


Eggshell color, unit 


26.69±0.87' 


33.8010.87" 


31.7711.22* 


31.00+1.38"'' 


28.60+1.30'" 


YoUc color, Roche yolk color fan 


7.8210.12"'' 


7.5310.13'' 


7.8610.10"" 


8.0710.18" 


7.5310.13'' 


Eggshell strength (kg/cm^) 


3.16+0.18 


3.23+0.15 


3.1810.15 


3.05+0.14 


3.21+0.16 


Eggshell thickness (0.01 mm) 


35.4110.80 


34.97+0.66 


33.9910.87 


33.87+0.78 


35.95+1.05 



' Values are presented meanlSE (meanlSE of 4 groups, each group was composed of 3 cages, 2 hens per cage). 
Values with different superscript were significantly differ (p<0.05). 



Table 4. Effects of persimmon peel (PP) and persimmon peel ethanol extract (PPE) on the change of Haugh unit in laying hens' 



Items 






Treatment 






CON 


PP0.15 


PP0.5 


PPE 0.075 


PPE 0.25 


Haugh unit (0 d) 


83.1212.85 


89.4813.37 


83.9813.36 


86.8012.50 


85.9511.56 


Haugh unit (7 d) 


68.4311.92" 


81.5513.67" 


78.7012.55" 


82.5813.43" 


81.5612.27" 


Haugh unit (14 d) 


72.1212.26 


77.9612.43 


77.0811.74 


75.2211.63 


74.3611.90 



' Values are presented meanlSE (meanlSE of 4 groups, each group was composed of 3 cages, 2 hens per cage). 



Values with different superscript were significantly differ (p<0.05). 



of Storage, no significant differences were observed among 
the groups. Ingram et al. (2008) found a high correlation 
between eggshell color and thickness. The same Authors 
reported that some egg quality traits such as shell strength, 
thickness, weight, and ultrastructure could be assessed by 
observing the eggshell color. However, there were no 
distinct links between eggshell color and egg weight, yolk 
color, and Haugh unit (Yang et al., 2009). No definitive 
conclusions have yet been reached on the correlation 
between eggshell color and internal quality of eggs. The 
Haugh unit tends to decrease with increased storage time 
(Williams, 1992; Tona et al., 2004; Hasan and Aylin, 2009). 
Albumen quality has been shown to increase by the addition 
of antioxidants such as vitamin C, vitamin E, and Se in 
laying hens diet (Keshavarz, 1996; Sahin et al., 2003). The 
significant difference in the Haugh units observed after 7 d 
of storage in the present study might be related to the 
antioxidants, vitamins, polyphenol, and tannins in PP. 

No significant differences were found in the activities of 
serum GOT and GPT, or in the contents of total-C and 
HDL-C among the groups (Table 5). The SOD activity was 
also not affected by the dietary treatments. The GOT and 
GPT activity levels are indicative of liver damage in laying 



hens, and it can serve as a valuable tool for determining a 
safe inclusion rate for non-conventional feedstuff or feed 
additives (Goswami and Robblee, 1958; Lumeiji, 1997; 
Diaz et al., 2003). Thus, the administered levels of PP and 
PPE in this study appeared safe, and they may not exert 
adverse effects on the physiological status of the hens. It 
has been shown that the consumption of tannin prevents 
cardiovascular diseases (Tijburg et al., 1997; Santos-Buelga 
and Scalbert, 2000) and reduces serum cholesterol levels 
(Stensvold et al., 1992). Gorinstein et al. (1998) indicated 
that a persimmon-supplemented diet prevented total-C and 
low-density lipoprotein-cholesterol increase in rats fed a 
cholesterol diet, whereas persimmon in rats fed a basal diet 
without cholesterol did not significantly affect their blood 
cholesterol levels. Table 6 shows the liver weight and level 
of hepatic total-C, triacylglycerol, and phospholipid in 
laying hens. Liver weight was not affected by the dietary 
treatments. Hepatic total cholesterol levels of the PP 0.5 and 
PPE 0.25 group hens were lower than those of the other 
groups (p<0.05). Triacylglycerol levels in the PP 0.5 and 
PPE 0.25 groups were lower compared to that of the control 
group (p<0.05). The phospholipid levels in the PP and PPE 
treatment group hens were lower than those of the control 



Table 5. Effects of persimmon peel (PP) and persimmon peel ethanol extract (PPE) on blood parameters and SOD activity in laying hens 

Treatment 



CON PP0.15 PP0.5 PPE 0.075 PPE 0.25 



GOT (lU/L) 


222.3617.95 


224.6517.58 


214.5116.66 


222.6518.59 


214.0216.23 


GPT (lU/L) 


19.0313.99 


21.9013.75 


18.0313.27 


20.9714.38 


19.3014.12 


Total-C (mg/dl) 


135.2616.78 


138.64111.63 


148.68112.54 


144.93111.96 


133.9715.99 


HDL-C (mg/dl) 


8.0112.25 


15.0615.14 


8.9511.57 


10.2712.57 


18.7712.58 


SOD-like activity (%) 


71.1415.95 


63.5615.84 


68.2014.89 


71.1813.84 


68.4313.29 



' Values are presented meanlSE (meanlSE of 4 groups, each group was composed of 3 cages, 2 hens per cage). 



264 Oh et al. (2013) Asian- Aust. J. Anim. Sci. 26:260-265 



Table 6. Effects of persimmon peel (PP) and persimmon peel ethanol extract (PPE) on lipid fractions of liver in laying hens' 



Items 






Treatment 






CON 


PP0.15 


PP0.5 


PPE 0.075 


PPE 0.25 


Relative liver wt (g/100 g BW) 
Total cholesterol (mg/100 ml) 
Triacylglycerol (mg/100 ml) 
Phospholipid (mg/100 ml) 


1.25±0.10 
2.87±0.07^ 
5.94+1.55=' 
26.82±0.73" 


1.31 ±0.07 
2.8510.07" 
5.73+0.07* 
24.43+0.88" 


1.38±0.10 
2.6310.02'' 
5.47+0.19"^ 
23.20+0.57'^ 


1.33±0.02 
2.7210.05"'' 
5.57+0.09"'^ 
21.94+0.55'^" 


1.34±0.08 
2.42±0.07' 
5.22+0.24=^ 
20.74+0.77" 



' Values are presented meantSE (meantSE of 4 groups, each group was composed of 3 cages, 2 hens per cage). 
""'^ Values with different superscript were significantly differ (p<0.05). 



group hens (p<0.05). The results obtained in this study were 
consistent with previous findings of by Innami et al. (1998), 
who conducted experimental trials with rats fed dried 
persimmon leaf. The lowering of cholesterol in the liver is 
due to increased fecal excretion of bile acids and 
acceleration of cholesterol catabolism to a level that is 
greater than that of cholesterol synthesis in the liver. In the 
present study, diet containing 0.5% PP and 0.25% PPE were 
found to decrease hepatic cholesterol concentrations. This 
suggests that tannin is the principal effective component. 
Since polysaccharides and other polyphenol compounds are 
present in PP in addition to tannin, further studies are 
required to identify the exact components that are 
responsible for lowering hepatic cholesterol concentrations. 

In conclusion, the inclusion of PP in the diets of laying 
hens is beneficial for improving production performance, 
egg quality in the late stage of egg production, and liver 
lipid concentrations. 

Further studies using a larger number of hens and 
various PP and PPE contents are needed to clarify the exact 
mechanism involved in production performance. 
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